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ABSTRACT. This research aims to determine geological condition and alteration in ep-
ithermal high sulfidation mineralization as an initial guide for further exploration stages.
Detailed geological mapping with a scale of 1:12,500 was conducted to identify geolog-
ical aspects and distribution of alteration zones. Selected rocks samples were prepared
for laboratory analysis, which are petrography, XRD (X-Ray Diffraction), and FA-AAS
(Fire Assay-Atomic Absorption Spectrometry) analyses. The geological condition of the
research area consists of six rock units from the oldest to youngest: andesite lava, andesitic
breccia, microgranodiorite intrusion, polymict breccia, limestone, and alluvial deposit. Ge-
ological structures found are left strike-slip fault with right strike-slip fault as accompany.
The result of XRD analysis shows the presence of minerals, which are: smectite, kaolin-
ite, illite, diaspore, alunite, and pyrophyllite. The alteration zones of the research area are
propylitic, argillic, advance argillic, and silicification zones. The further exploration stage
is recommended to focus on the southwest and northeast of the research area.
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1 INTRODUCTION
PT. ANTAM Tbk., which is one of an Indone-
sian mining company that was in collaboration
with Newcrest Mining Ltd. in the series of East
Java Regional Mapping Program 2017, have
been carried out regional exploration activities
covering seven districts in East Java Province
including Pacitan, Trenggalek, Tulungagung,
Blitar, Malang, Lumajang, and Jember. The re-
gional exploration indicated a prospect area of
Tulungagung shows partially oxidized vuggy
silica with 0.13 ppm Au and 25 ppm Cu, which
is a feature of high sulfidation epithermal de-
posits. The mapping program was also found
that rocks samples with the highest Au 8.3 ppm
and Cu 460 ppm (ANTAM, 2017-unpubl. data).
Several previous researchers have investigated
regional geological conditions that include re-
search sites such as Samodera et al. (1992)
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divided geological formations into Tulunga-
gung quadrangle geological map. Widodo et
al. (2002) and Widodo (2003) explained the po-
tential of ore minerals in the southern moun-
tains belt of East Java. Besides, Widodo and
Simanjuntak (2002) mentioned the Kalidawir-
Tanggunggunung-Campurdarat area as one of
the prospect areas in the Tulungagung area,
which is characterized by an argillized tuff
with limonitic veinlets of 1,476 ppb Au content.
However, the Secang area, which is located
in Campurdarat Subdistrict, Tulungagung Re-
gency of East Java, Indonesia (Figure 1) and
one of the prospect area in the regency, has not
been carried out detailed geological investiga-
tion including delineation the distribution of
alteration zones, determination and identifica-
tion of sulfide minerals that supported by pet-
rography, X-ray diffraction (XRD), and ore geo-
chemistry using the fire assay AAS (FA-AAS)
method. By recognizing the alteration zone will
support in recommending further exploration
target areas.
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FIGURE 1. Location map of Secang Area, Campurdarat Subdistrict, Tulungagung, East Java.
2 REGIONAL GEOLOGY
The regional geology map of the eastern part of
Tulungagung sheets is shown in Figure 2. Based
on Figure 2, the research area is composed of
several formations from old to young: Man-
dalika Formation (Tomm), Campurdarat For-
mation (Tmcl), and Alluvium (Qa) (Samodera
et al., 1992). Mandalika Formation (Tomm)
consists of volcanic breccias, lava, and tuff,
sandstone, and siltstone insertions of the Late-
Miocene Oligocene age. This formation occu-
pies most of the research sites in the north to
the middle of the area. Campurdarat Forma-
tion consists of crystalline limestone and car-
bonaceous clay of the Early Miocene age. This
formation occupies a small portion of the re-
search site in the southern part. Alluvium (Qa)
are quaternary sediments composed of gravel,
sand, silt, and clay. Regional geological struc-
tures in the eastern part of the Tulungagung
quadrangle geological map were dominated
by northeast-southwest and some northwest-
southeast trending faults, accompanied by syn-
cline and anticline which have similar direc-
tions, and the horizontal movement of the faults
is more than the vertical movement so that it
is interpreted as a strike-slip fault (Samodera et
al., 1992). Several faults in this area continued
to the Pacitan and Madiun sheets.
3 METHODS
Detailed geological mapping using a 1:10,000
scale topographic map is conducted to under-
stand the geological framework and alteration
zone distribution of this studied area. Detailed
petrographic analysis of 38 representative sam-
ples was carried out at the Optical Geology Lab-
oratory, Department of Geological Engineer-
ing, Universitas Gadjah Mada. Thirteen sam-
ples containing clay minerals were selected for
XRD (X-Ray Diffraction) analysis in Puslitbang
Tekmira, Bandung, and six samples of vuggy
quartz and quartz vein were selected for FA-
AAS (Fire Assay-Atomic Absorption Spectrom-
etry) analysis in PT. Geoservices LTD - Mineral
Division, Bekasi.
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Reef limestone, bedded limestone, fragmented limestone, coarse sandy limestone, 
tuffaceous limestone and marl
Nampol Formation
Alternation of claystone, sandstone and tuff, with intercalations of conglomerate and 
breccia, locally limestone
Wuni Formation
Volcanic breccia, tuff, sandstone and siltstone, generally tuffaceous intercalation of 
limestone
Campurdarat Fomation
Crystallized limestone, with intercalations of carbonaceous claystone
Arjosari Formation
Polymict breccia, sandstone, siltstone, claystone, and conglomerate, with intercalations 
of volcanic rocks
Mandalika Formation
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FIGURE 2. Regional geology of the eastern part of the Tulungagung quadrangle geological map (Samodera
et al., 1992) and the location of the study area.
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4 RESULTS
4.1 Geology of research area
The lithology units of the research area are com-
posed of andesite lava, andesitic breccias, and
polymict breccia units, which are part of the
Mandalika Formation. The andesite lava unit
is identified as part of the lava flow deposition
(Figure 3A). The andesitic breccia unit is com-
posed of monomical fragments, i.e., andesite
(Figure 3B), while the polymict breccia unit is
a transitional lithology unit between the Man-
dalika Formation and Campurdarat Formation.
Microgranodiorite intrusion is found in the re-
search area as a part of Intrusion Rocks (Fig-
ure 3C).
The polymict breccia unit is characterized by
a carbonaceous matrix with varying fragments
such as andesite, diorite, and tuff (Figure 3D).
The younger unit is limestone unit that parts
of the Campurdarat Formation on the top of
polymict breccia (Figure 3E). The youngest unit
in the research area is an alluvial deposit. The
distribution of the lithology units can be seen
on the geological map of the research area (Fig-
ure 4).
The geological structure in the studied area
is controlled by four oblique faults (Figure 4).
The primary fault is northeast-southwest, iden-
tified as a left strike-slip fault. The other three
faults are right strike-slip fault, identified as
accompanying main faults. This fault has a
northwest-southeast direction. From the stereo-
graphic analysis, the primary stress direction is
north northeast–south-southwest (NNE-SSW).
4.2 Alteration zone distribution
Hydrothermal alteration is hosted mainly by
andesite lava and comprises a siliceous core
(partially and oxidized vuggy quartz) with out-
ward zonation of advanced argillic, argillic and
propylitic alteration. The Silicification zone was
mainly developed in the andesite lava unit,
whereas advanced argillic, argillic and propy-
litic alteration zone occurred in andesite lava
and andesitic breccia unit. Polymict breccia and
limestone units are unaltered.
Propylitic alteration in the research area is
characterized by the presence of chlorite and
carbonate as the main characteristic mineral. In
the field, propylitic alteration is characterized
by changing to greenish color of rocks. The
Photomicrograph of propylitic alteration shows
the cavity texture, infilling texture, and replace-
ment of primary minerals by clay and carbonate
minerals (Figure 5A–B). Chlorite is found on the
edges of the cavity, and some of them are spot-
ted to replace the rock-forming minerals. Sec-
ondary quartz formed an infilling texture that
fills cavities in rocks formed due to the leaching
process by the hydrothermal solution.
In outcrops, the argillic alteration can be
observed simply in the field by changing to
whitish color and non-compact rock texture. It
is caused by the presence of mineral clay group
minerals that replace the original rocks due to
the hydrothermal process. Photomicrograph
shows the dominant alteration feature formed
is a replacement. It can be formed because
the rock-forming minerals such as plagioclase
undergo the leaching process by hydrothermal
fluid so that it only leaves a cavity that has a
shape like its mineral. The cavity is replaced
by alteration minerals, which are dominated by
clay mineral groups (Figure 5C–D). Argillic al-
teration is characterized by the presence of clay
minerals groups such as kaolinite, illite, and
smectite that can be identified by the XRD re-
sult (Figure 6A).
Advanced argillic alteration type is charac-
terized by the presence of white, reddish to
brownish clay minerals, in association with sil-
ica or quartz. The main rock texture is tough
to observe because the advanced argillic alter-
ation process is very intensive in replacing rock-
forming minerals into alteration minerals. The
result of XRD analysis shows that advanced
argillic alteration is characterized by the pres-
ence of its marker minerals that represent low
pH: alunite, pyrophyllite, and diaspore, and
presence of other clay minerals, i.e., kaolinite
and illite (Figure 6B).
The Silicification zone is found in the center
of the alteration zone, described as a zone of
mineralized vuggy quartz rock, which showed
partially and oxidized vuggy quartz texture
(Figure 7A–B). The rock is completely trans-
formed into quartz with a multi-cavity quartz
texture. The cavities in the quartz body are
filled by sulfide group metal minerals such as
chalcopyrite, pyrite, and covellite (Figure 7C–
D). AAS analysis results on vuggy quartz show
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FIGURE 3. Rocks unit appearance in the field: (A) Andesite lava unit, as a part of lava flow deposition.
(B) Andesitic breccia unit, composed by andesite monomical fragments (C) Microgranodiorite intrusion unit.
(D) Polymict breccia unit, formed by a carbonaceous matrix with varying fragments such as andesite, diorite,
and tuff. (E) Unaltered limestone unit as a part of Campurdarat Formation.
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FIGURE 4. Geological map of Secang and the surrounding area showing the stratigraphical relationship
between each other rocks unit and zoning of alteration.
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FIGURE 5. Photo-micrograph illustrating alteration mineral assemblages at Secang Area: (A–B) Andesite
with porphyritic texture, hornblende is altered by chlorite, plagioclase is altered by clay and carbonate. (C–
D) Andesite has been completely altered with clay minerals and secondary quartz replacing plagioclase, with
cracks filled with iron oxide. Abbreviations: Chl = chlorite, Pgl = plagioclase, Opx = orthopyroxene, Cm =
clay minerals, Qz = quartz, Cb = carbonate.



































































































































































































FIGURE 6. (A) Result of XRD analysis showed the presence of clay minerals group from the argillic alteration
zone from sample number STA 068. (B) The result of XRD analysis showed the presence of advanced argillic
alteration marker minerals: alunite, pyrophyllite, diaspore, and presence of other clay minerals, i.e., kaolinite
and illite in sample number STA 010.
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the levels ranging of metal elements: Au: 0.11–
0.34 ppm, Ag: <0.5–0.85 ppm, Cu: 19–100 ppm,
Pb: 8–46, Zn: 7–22 ppm (Table 1).
5 DISCUSSION
High sulfidation epithermal deposits are char-
acterized by a massive body of vuggy silica
texture or hydrothermal breccias that are com-
monly found in this type of deposition (Cor-
bett and Leach, 1997). The sulfide minerals
formed predominantly contain copper such as
chalcocite, chalcopyrite, luzonite, and enargite,
followed by altered acidic pH change miner-
als such as alunite, pyrophilic, and diaspore
as found in the research area. The conceptual
model of high sulfidation epithermal deposits is
based on Arribas (1995), which further explains
the alteration zones found from the center to
edge: silicification zone, advanced argillic alter-
ation zone, argillic alteration zone, and propy-
litic alteration zone. This conceptual model is
compatible with the conditions in the research
area (Figure 4).
Based on the environmental temperature of
the formation of altered minerals from the pres-
ence of change-forming minerals, propylitic
alteration (chlorite–carbonate+quartz+clay)
is formed in the temperature range of 120–
220 °C, argillic alteration (kaolinite–illite–
smectite+diaspore) is formed in the tempera-
ture range of 120–220 °C, and advanced argillic
alteration (kaolinite–alunite–pyrophyllite–
diaspore) is formed in the temperature range
of 170–275 °C (Reyes, 1990). The temperature
ranges of alteration mineral formation and in
the research area can be seen in Table 2.
Vuggy texture in the core of the alteration
zone in the research area indicated high-
intensity leaching by an acidic hydrothermal
fluid at temperatures <250 °C and pH <2 (Cor-
bett and Leach, 1997). The vuggy texture is
formed after washing phenocryst or fragments
in the rock, caused the initial texture of the
rock to disappear. The quartz left as a resis-
tant mineral formed at low temperatures will
create the vuggy texture. Then, there is a mix-
ture of hydrothermal fluid with wall rocks
and meteoric water, which will make the fluid
cool down, which causes the overprint alter-
ation zone. The hydrothermal fluid will pass
through the fracture and be concentrated in the
vuggy alteration because it has high porosity
and permeability, which causes mineralization
developed in vuggy quartz, i.e., pyrite, chal-
copyrite, and covellite. Argillic and advanced
argillic alteration did not have many fractures,
which caused mineralization of this alteration
to be much lower than that of vuggy silica
alteration. Alteration of clay minerals is use-
ful as an impermeable layer, so that is more
mineralization in vuggy silica zonation. Propy-
litic alteration at the edge of the research area
represented more neutral pH conditions and
lower temperatures than argillic and advanced
argillic alteration.
This interpretation is supported by the results
of the FA-AAS analysis showing that the Au
content and other base metals in the silicifica-
tion zone are relatively higher than the propy-
litic zone (Table 1). This is also supported by
the appearance of vuggy quartz samples that
show an abundance of sulfide minerals in silici-
fied zones such as pyrite, chalcopyrite, and cov-
ellite (Figure 7C–D).
For the next stage of exploration, it is rec-
ommended to focus on areas with silicifica-
tion zone and advanced argillic alteration in the
southwest and northeast area on a more de-
tailed scale because these areas represent condi-
tions at higher temperatures and more intensive
sulfide mineralization, which is found in vuggy
quartz at the center of the alteration zone.
6 CONCLUSION
Alteration zones in the research area are di-
vided into the silicification zone at the center,
advanced argillic alteration zone (kaolinite–
alunite–pyrophyllite–diaspore), argillic alter-
ation zone (kaolinite–illite–smectite+diaspore),
and propylitic alteration zone (chlorite–
carbonate+quartz+clay) in the edge of the
research area. High sulfidation epithermal
deposits are characterized by the presence of
partially oxidized and oxidized vuggy quartz,
where the vuggy quartz is filled with sulfide
minerals such as pyrite, chalcopyrite, and cov-
ellite. The advanced argillic and argillic alter-
ation zones of the deposits are characterized
by the presence of minerals that typically form
at high pHs, such as alunite, pyrophilic, and
diaspore. Further exploration phase is recom-
mended to focus on the silicification zone and




FIGURE 7. (A) Hand specimen of partially oxidize vuggy quartz. (B) Hand specimen of totally oxidized
vuggy quartz, mineralized by hematite and pyrite. (C) The Photomicrograph of the polished section showed
the appearance of covellite and pyrite in sample number STA 081B (D) Photomicrograph of the polished
section showed the appearance of covellite and chalcopyrite in sample number STA 031. Abbreviations: Cv=
covellite, Py= pyrite, Cp= chalcopyrite.
TABLE 1. Result of FA-AAS analysis on rocks samples in various alteration zone.
No Sample Sample Type Rock Type
Element (ppm) Alteration Zone
Au Ag Cu Pb Zn
STA 011B Float sample Quartz vein 2.45 2.03 32 6 15 Adv. argillic
STA 031 Outcrop sample Vuggy quartz 0.34 0.5 100 10 22 Silisification
STA 081B Outcrop sample Vuggy quartz 0.11 0.85 41 8 7 Silisification
STA 081F Outcrop sample Vuggy quartz 0.22 <0.5 19 46 7 Silisification
STA 166 Outcrop sample Vuggy quartz 0.07 1.56 16 <5 42 Silisification
STA 171 Float sample Silicified andesite 0.03 0.98 28 19 58 Unaltered
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TABLE 2. The temperature ranges of alteration mineral formation (Reyes, 1990) and assemblages of mineral
alteration in the research area.
advanced argillic alteration zone on a more
detailed scale in the southwest and northeast of
the research area.
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